218 | oI TEY@EE S — Original Paper 278~286. 2010,

ZEXF AE EHISE 22 EY,
siE4 U MEUES| SMEX RSN FA
Environmental Monitoring of Selected Veterinary Antibiotics in Soils,
Sediments and Water Adjacent to a Poultry Manure Composting Facility
in Gangwon Province, Korea
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ABSTRACT : Veterinary antibiotics have been used to treat disease and to promote growth of livestock. However, the total
amount of veterinary antibiotics in Korea was much greater than other developed countries, and there is a high potential to
release residual of antibiotics to environment. Consequentially, released antibiotics into the environment produces antibiotic
resistant bacteria and causes adverse effects on human health. The objective of this research was to monitor antibiotic
concentration in the environment adjacent to facilities which compose chicken manure. Total of 10 antibiotics were selected
based on the total amount of higher usage in Korea, and its residuals were measured from surface water, soil and sediment.
The frequencies of detected antibiotics were ranged 31-92% from soil, 0-93% from water, and 33-93% from sediment.
Generally, a higher frequency was observed in soil or sediment than water. Different ranges in concentration among 4 different
antibiotic groups was found from not detected(N.D.) to 35.6 pg/kg for soil, N.D. to 19.2 pg/L for water and N.D. to 114.3
pg/kg for sediment. Our findings suggest that solid phase such as soil and sediment is a critical component to be needed
to conduct the environmental impact assessment of antibiotics.
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Table 1. Physical and chemical properties of soil and sediment samples used in the experiment

Samples Samplling pH EC OM P20s CEC T-N Soil texture
location 1:5 usS/m a/kg mg/kg cmol/kg a/kg
site 1 7.44%0.02 2.01+0.04 18.3+0.2 77.5%+09 11.1+0.3 1.33%+0.01 -
site 2 7.4+0.5 1.9+0.2 259+0.1 121+6 17.0+0.2 2.14%£0.05 -
Sediment site 3 7.6£0.2 2.1+£09 12.3+0.2 17+10 9.0+0.3 0.80+0.04 -
site 4 75%+04 0.44+0.02 13.8+0.2 27+20 8.9+0.1 1.14+0.08 -
site 5 75+05 1.16+0.05 12.2+0.1 21%2 8.4+0.3 0.86+0.01 -
site 1 6.60+0.08 4+1 28.3%+0.5 120£30 13+2 1.97+0.02 Sandy Loam
Soil site 2 6.43+0.08 4.4+0.7 23.8+£0.5 93+20 14+1 1.75%+0.08 Sandy Loam
site 3 5.9+0.2 4+1 259+0.5 88+4 14+2 2.5+0.1 Sandy Loam
Table 2. Physical and chemical properties of water samples used in the experiment
Sampling EC T-N TP SS
location oH us/cm mg/L mg/L mg/L NTU
site 1 7.05+0.02 222.0+0.1 0.2+0.2 0.83+0.08 9.5+0.1 5.35+0.03
site 2 7.24%0.01 2585+0.3 0.53+0.04 7.11£0.02 2.50%0.09 7.58+0.04
site 3 7.62%+0.02 279.30£0.09 0.85+0.07 8.6+0.5 6.00£0.05 1.22+0.01
site 4 7.66+0.01 203.9+0.5 1.11+0.09 6.1+0.3 1.6+0.2 1.03+0.01
site 5 7.62+0.03 168.6+0.9 0.14+0.01 3.76+0.09 28,5+0.5 21.10+0.02

Compasting
Tacility

Fig. 1. Location of sampled sites along the Wonju stream

(M :Soil samples, ®:Water and sediment samples).
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Table 3. Chemical properties of veterinary antibiotics used in the experiment5,6,27)

Chemical group Compound M.W.(g/mol) Log Kow Structure
Chlortetracycline 478.92" -0.622"
Tetracyclines Oxytetracycline 460.4° —1.22%
Tetracycline 444.46) -1.1 9
Sulfamethazine 27837 0.89°
Sulfonamides Sulfamethoxazole 253.32" 0.892"
Sulfathiazole 2553 0.05”

Monensin 670.9% 5.4-85° )
MeO;S.. S
Inophore polyether Salinomycin 751.07 5.4-8.5° J\,.-'/'R.,/[\N‘-i\.zCI
OH o J}I

T W H

Lasalocid 590.8” 5.4-8.5" % .

2

o
0 m,h
Macrolides Tylosin 917.1% 35" o P Doy

A A|Z= 40% HoSO, ARE31] pH 2,52 Z4) o] 5% (w/v)
NagEDTA 5004 LE 75kl 150 rpmol|A] 1587F wHk &

Yy S son] BAL sRoR ANs 1
i 22 o 2 o) ANE H}e} FUsbl HLB

& = 7IEZA
(0ASIS®)Z AFE-81] methanol 2 %o}ﬁu} 0|5 Ay
2210 AAe27](MG-2200, EYELA®, JAPAN)Z 50°C9]
Al =519 9™ mobile phase A(99.9% D.I. water +
0.1% formic acid)ES 7}5}o] HPLC/MS(TSQ Quantum
Ultra, Thermo)&® 2A3}9 ) TCs, SAs, IPs 2 MLs2
pore size7} 2.5 # mo]™ W7ol 2.1 mm x 50 mmEAMS
Cis @u%]';'é%q(XTerra@, UsA) o]-83fe] SIM
(selected ion monitoring) %‘%k—‘i«éi ne=z BA59
£, o 9 AN e dEvE A5 AAl
N F IEE A= ‘ﬂE—‘ﬂ e AbEsiele) A
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(hydrophilic—lipophilic balance)

Waters,

219] precursor ioni} fragment ion> Table 4,

LC/MS/MS 2712 Table 50 UepIct ZF 249 A=
H3Z(quality assurance)2 $Jet 3483} HIA= B2
A7) ARl ATk,

Table 4. Optimized LC/MS/MS™

Compounds Precurs+or ion Frégment Isolétion Collision
IM+H]"(m/2) ions width energy(%)
Simeton 108
TC 445 427 20 6
CTC 479 462 20 30
oTC 461 443 20 o8
S1Z 256 156 20 30
SMT 279 204 20 38
SMX 254 188 2.0 36
TYL 916 772 3.0 30
MNS 693° 675 20 o8
SLM 773° 755 2.0 20
LSL 787 769 20 30

@Precursor ion [M+Na]f(m/z)
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Table 5. Analytical condition of LC/MS/MS setup for antibiotics

analysis'”
Equipment LC MS/MS(TSQ Quantum  Ultra, Thermo)
SAs, TCs, IPs MLs
Column temperature . .
15°C 45C
SAs, TCs, MLs IPs
Column Flow rate
300 xL/min 250 pl/min
Injection volume 20 uL
. Az 99.9% Water + 0.1% formic acid
Mobile phase ) )
LC B: 99.9% ACN + 0.1% formic acid
condition SAs, TCs MLs, IPs
A:96% + B:4% A:70% + B:30%
(0 min) (0 min)
Gradient A:70% + B:30% A:10% + B:90%
(29 min) (26 min)
A:96% + B:4% A:70% + B:30%
(30 min) (29 min)
lon source ESI, positive
Spray voltage 4500 V
Vaporizer temperature 320°C
MS Drying gas flow 10.0 L/min
condition Drying gas and )
) Nitrogen gas
Nebulizer gas
Sheath gas pressure 40 psig
Aux gas pressure 20 psig
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Fig. 2. Residual concentrations of selected veterinary antibiotics in ) B Lou
soils along the Wonju stream(TC: tetracycline, CTC: Chlorte— ARE AR 2427 TCs s TC7F N.D.~9.48,
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Fig. 3. Residual concentrations of selected veterinary antibiotics in
T =] 1}O - [e] HO
e A} ol she F W2 sk RS ARS water along the Wonju stream(TC: tetracycline, CTC: Chlorte—
g2 3 EH] = SAsO] A =L Altjd oz Wk uj tracycline, OTC: Oxytetracycline, SMX: Sulfamethoxazolle,
o B 13) STZ: Sulfathiazole, SMT: Sulfamethazine, LSL: Lasalocid,
2 Ao= wEt MNS: Monensin, SLM: Salinomycin, TYL: Tylosin).
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TC CTC OTC SMX STZ SMT LSL MNS SLM TYL

Fig. 4. Residual concentrations of selected veterinary antibiotics
in sediments along the Wonju stream(TC: tetracycline,
CTC: Chlortetracycline, OTC: Oxytetracycline, SMX:
Sulfamethoxazole, STZ: Sulfathiazole, SMT:
Sulfamethazine, LSL: Lasalocid, MNS: Monensin, SLM:
Salinomycin, TYL: Tylosin).
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Table 7. Amount of veterinary antibiotics used during 2001—
2003 in Korea'®

Table 62 2 A4 B3 Al 2dFE FAEH 4 Amount used (ton)
Antibiotic type Compound
ZH]8olth, olof w2R TCs, MLs®] B¢ AEMIEO] & Cate_Pg ___ Poulry
- - _ _ Tetracycline 34 206 168
o]—ZEloﬂ E]—E} 5‘—]1’41 ;ﬂ— 57} io}x]“: ek g‘ Q’?_?—__l' —)'\— 9}\ Tetracyclines  Chlortetracycline 56,654 1,044,165 238,319
t}. Table 7-& 20015 20039 997k F2= S2ut Oxyletracycline 59954 163,742 74,720
o} 7} 2 AEE AFRE 0 7 oA 8 TCset MLs2] A¢ Sulfamethoxazole 1,581 15,907 14,100
2ol =2 AFLEKTCs 168~238,319 ton, MLs 14,101 Sulfonamides Sulfathiazole 14,159 356,521 13,992
_ Sulfamethazine 14,013 63,287 7,235
ton)= &3 AR 5 A= Hd TCs 73.3%, MLs Macrolides Tylosin 5,931 82,720 14,101
93.3%= ZAME O] w2 RS HolEtHTable 6, 7). &
Table 6. Summary of measured antibiotics concentrations in various matrix
Sail(n=5) Water Sediment(n=
Antibiotic type Compound Frequency Minimum  Maximum Frequency Minimum Maximum Frequency Minimum  Maximum
% ug/kg % ug/L % ug/kg
Tetracycline 51.3 2.1 35.6 73.3 1.8 19.2 66.7 0.1 9.5
Tetracyclines Chlortetracycline 51.3 N.D. 0.2 6.7 N.D. 0.1 33.3 N.D. 0.2
Oxytetracycline 33.3 N.D. 0.4 13.3 N.D. 0.3 46.7 0.1 1.1
Sulfamethoxazole 30.8 N.D. 0.6 86.7 0.1 0.5 60.0 N.D. 0.8
Sulfonamides Sulfathiazole 35.9 N.D. 0.1 93.3 N.D. 0.1 33.3 N.D. 0.1
Sulfamethazine 30.8 N.D. 0.1 86.7 N.D. 0.1 33.3 N.D. 0.3
Lasalocid 92.3 0.1 0.2 20.0 N.D. 0.1 80.0 0.1 0.4
Inophores Monensin 487 0.1 6.9 0.0 N.D. N.D. 73.3 0.1 1.5
Salinomycin 66.7 N.D. 0.2 26.7 N.D. 0.2 93.3 0.1 0.7
Macrolides Tylosin 89.7 0.1 16.6 53.3 N.D. 0.1 93.3 0.4 114.3

N.D. : not detected
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